Background: after 1 year, a home-based programme of strength and balance retraining exercises was effective in reducing falls and injuries in women aged 80 years and older. The exercise programme had been individually prescribed by a physiotherapist during the first 2 months of a randomized controlled trial. Objective: we aimed to assess the effectiveness of the programme over 2 years. Setting: 17 general practices in Dunedin, New Zealand. Subjects: women from both the control group and the exercise group completing a 1-year trial (213 out of the original 233) were invited to continue for a further year. Methods: falls and compliance to the exercise programme were monitored for 2 years. Results: 81 (74%) in the control group and 71 (69%) in the exercise group agreed to continue in the study. After 2 years, the rate of falls remained significantly lower in the exercise group than in the control group. The relative hazard for all falls for the exercise group was 0.69 (95% confidence interval 0.49-0.97). The relative hazard for a fall resulting in a moderate or severe injury was 0.63 (95% confidence interval 0.42-0.95). Those complying with the exercise programme at 2 years had a higher level of physical activity at baseline, were more likely to have reported falling in the year before the study and had remained more confident in the first year about not falling compared with the rest of the exercise group. Conclusions: falls and injuries can be reduced by an individually tailored exercise programme in the home. For those who keep exercising, the benefit continues over a 2-year period.
Introduction
Randomized controlled trials of strength and balance retraining programmes have shown total falls reduction in the intervention group at 1 year [1, 2] . In one multiple intervention study, in which the exercise programme was set up in a 2 h initiation session and was based on encouragement to participate in brisk walking, there was a 9.3% reduction in falls at 1 year, but no difference at 2 years [3] . Buchner et al. found that exercise had a protective effect up to 25 months [4] . The meta-analysis of the Frailty and Injuries: Co-operative Studies of Intervention Techniques (FICSIT) trials in which subjects were followed for 2-4 years demonstrated a 10% reduction in fall risk in those programmes with an exercise component and a 17% reduction in risk in programmes with balance retraining [5] .
Those falls prevention programmes which have produced falls reductions of about 30% have been based on specific balance retraining exercises and strength training [1, 2] . Such strength and balance retraining is effective in reducing falls for as long as the exercises are carried out, but there is no reason to believe that longer term, sustainable benefit is conferred. Long-term reduction in falls will depend not only on the continued effectiveness of the programme but also on the willingness of subjects to persist with it.
After 1 year of follow-up we invited participants in our community-based falls prevention study of women aged 80 years and older [2] to continue with the study for a further year. We now report on the effectiveness of the falls prevention programme at 2 years, as well as on the factors which distinguish those willing to continue with exercises for a prolonged period.
Methods

Study participants and 1-year study design
A randomized controlled trial of a home-based exercise programme was carried out from 17 general practices in Dunedin, New Zealand [2] . Participants were women aged 80 years and older (n ¼ 233) who had been identified from the computerized register at each practice. They were invited by their general practitioner to participate if they were able to move around within their own home and were not receiving physiotherapy. Informed consent was obtained and a mental status questionnaire was completed in order to exclude those women unable to comply with the study requirements (score < 7 out of 10) [6] . After baseline questionnaires and assessments were completed, participants were randomized to the exercise group or to a control group who received usual care and social visits at home. Baseline measures included a medical and falls history. The Physical Activity Scale for the Elderly [7] and the falls efficacy scale [8] questionnaires were completed at baseline and after 1 year. Falls and injuries were monitored for 1 year.
Women completing 1 year of the study (n ¼ 213) were invited to continue recording their falls for a further year. Results from year 1 were not available at this time and resources would not have allowed us to offer the exercise programme to those in the control group. Those in the exercise group who agreed to continue also agreed to record compliance for a further year. We had no further contact with women who did not agree to continue with the second year of the study.
Exercise programme
The exercise programme consisted of muscle strengthening and balance retraining exercises at increasing levels of difficulty and a walking plan [2] . The exercises were individually prescribed during four home visits by a physiotherapist in the first 2 months of the study. Participants were instructed to carry out the exercises at least three times a week and to walk three times a week. The physiotherapist remained in telephone contact for advice and to maintain motivation for those remaining in the study for the second year.
Falls and exercise programme monitoring
We monitored falls, injuries and compliance with the exercise programme for the second year using the definitions and calendars described previously [2] . Each participant was given a calendar with 12 addressed, reply-paid postcards to record falls daily for each month. Participants in the exercise group used similar postcards to record whether they had completed the prescribed exercises or walked each day. The investigator classifying fall events remained blind to group allocation.
Statistical analysis
We carried out statistical analyses on an intentionto-treat basis using SPSS version 6.1.1. We calculated the overall rate of falls for each group as the total number of falls in 2 years for the group divided by the sum of the follow-up times for each individual in the group. The 95% confidence interval (CI) for the difference in rates between the two groups was calculated assuming a negative binomial distribution [9] . We used Cox proportional hazard regression models to compare the risk of falling and the risk of a fall resulting in a moderate or severe injury for the two groups over the 2 years (using Stata release 5.0). Models were tested for proportionality of hazards.
The Student's t test or the x 2 test were used to compare characteristics of participants who continued in the study for a second year with those who chose not to continue. These tests were also used to determine factors associated with compliance.
Ethical approval
All participants gave informed consent. Approval for the study was given by the Southern Regional Health Authority ethics committee. Figure 1 shows the group numbers and progress of participants through the trial. Of the 213 women completing year 1 of the trial, 81 (74%) of the 110 in the control group and 71 (69%) of the 103 in the exercise group agreed to continue in the study for a further year. After 2 years of follow-up, 103 women remained in the study.
Results
The only significant differences between participants in the control and exercise groups were that those in the exercise group were taking more medications and were more likely to have a history of knee arthritis [2] . Among those continuing for the second year, the only difference between the groups was that those in the exercise group took more medications than the control group. These differences were not related to the risk of falling and did not influence the findings of the study.
During year 2 there were 68 falls in the control group and 50 falls in the exercise group, giving totals from baseline to 2 years of 220 falls in the control group and 138 in the exercise group. The overall rate of falls in the exercise group for 2 years remained similar to the rate for the first year, and the difference in rates between the two groups remained significant (see Table 1 ).
The relative hazard for all falls during the 2 years for the exercise group compared with the control group was 0.69 (95% CI 0.49-0.97; Table 1 ).
After 2 years there had been 111 falls resulting in moderate injury and 34 in serious injury. The relative hazard for a fall resulting in a moderate or severe injury over the 2 years for the exercise group was similar to the relative hazard for the first year ( Table 1) .
Characteristics of participants continuing in the study for a second year and those not continuing are shown in Table 2 . Women from both the exercise and control groups with a higher Physical Activity Scale for the Elderly score at baseline and at 1 year, those who were taking fewer medications at baseline and those with a higher falls efficacy scale score at 1 year were more likely to continue in the study.
At the end of 2 years, 31 (44%) of the 71 from the exercise group who had remained in the study were still exercising at least three times a week. Those complying with the exercise programme at 2 years had a higher level of physical activity at baseline and at 1 year, were more likely to have reported falling in the year before the study and had sustained a higher falls efficacy scale score during the first year than the rest of those randomized to the exercise group at baseline (Table 3) .
Discussion
The strength and balance retraining programme used in this study resulted in a significant reduction in falls over a 2-year period. The clinically important approximately one-third reduction in falls risk demonstrated at 1 year was sustained in those willing to stay in the study and the fall rate in the intervention group remained virtually unchanged over the 2 years. This benefit was sustained without further home visits from the research physiotherapist, although she was available for telephone advice and reassurance.
We performed all analyses on a baseline intentionto-treat basis, and subjects in the exercise group who did not participate in the exercises were included in the analyses for falls. We were concerned that the frail, fall-prone participants would be more likely to withdraw from the exercise group than the control group at 1 year. There were no differences between those who withdrew from the exercise group and those who withdrew from the control group which would have biased the results in favour of the exercise group.
Those who withdrew at 1 year were less active, as shown by a lower Physical Activity Scale for the Elderly score, were taking fewer prescription medications and had greater fear of falling at the end of year 1 than those who remained in the study. Those who were more frail and may be more at risk of falling were the ones most difficult to involve and sustain in this home-based exercise programme. Alternative interventions for this very important group might include group activities through day centres or hospitals, involvement of the family or visiting health professionals in promoting the exercises and additional measures such as hip protector pads for fracture prevention [10, 11] .
Forty-four percent of those in the exercise group entering the second year of the study were still persisting with the exercise programme at least three times a week at the end of the study. It is difficult to predict exercise compliance in this group of older women. Those with a history of falling before starting the exercise programme were more likely to persevere with their exercises for 2 years. Those who persisted were also more active and were able to sustain their falls efficacy score whereas those who were less compliant developed a greater fear of falling. The programme was individually tailored and we feel this is important in the establishment of such a programme in a varied, often frail population. It may also assist compliance. We suggest 6-monthly follow-up home visits for programme modification and to maintain enthusiasm.
Compliance and benefit may be greater if the programme is delivered from a general practice with reinforcement by practice staff. We are currently investigating this in two pragmatic studies to determine whether benefits shown in a tightly controlled randomized trial with a skilled physiotherapist can also be shown in day-to-day practice with trained practice nurses assessing and prescribing the programme. There is now little doubt that many falls can be prevented, and the present study indicates that this may be possible over a prolonged period. Useful community prevention should follow when we can demonstrate the benefits, safety and cost-effectiveness of practical falls prevention programmes delivered from ordinary practices.
Key points
• Falls and injuries can be reduced by a programme of strength and balance retraining exercises prescribed at home by a physiotherapist.
• The effectiveness of the programme is sustained over 2 years and requires the minimum of ongoing contact with the physiotherapist.
• Those who were more physically active at baseline, those with a previous fall and those who remained confident about not falling were more likely to continue exercising.
